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WAL EE K E LT, DU 4 R SR SR o BB A, Alh-
uraishawy 55 LG IE TR0 AL 7K 5 BE e 0k 2
B WRTE SLEE PR it P 4 S R R I AT AT 1, OF
R IR b B 7K FEE I ORLIR & RIS LR
HEARMCR T &y, ORI BE K A il e I A
7 Qe = 3 IR A Sy S U 1
A0 B 7K B3I P BE 5 0K R W IR v R 1 g
FHES & AR 10 B /K 3K B 1 F K A5 21058 755 Hh &
P | 35 A G5 A 00 T R K AR K e L )
“OR P FP R, ELER R T RE SR TR K
OK b A 2 R0k 2 B 5 AT D RIS R L T
DI R i A KB ; Rl Z R R e A5 7R —
B NAARR 5 At T B A DL, TS e
TR BB IR GK ST I 1 R

H AT, B A R LR A S XIS 7 T, XF
A b BE K 5 94K B G W ok 525 T 9K A8 AN
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1.1 M5

& A0 50-1#~50-6# , FeARYPE ILF 1, i)
A TE b, B 2.20 mPa-s(25 °C)  EK ZEM
AR AR 2K, B 9693.88 mg/L, T BB TR
Y (B mg/L) : Ca** 629.29 Mg** 251.70 Na®
2700.04 . HCO; 183.52., CI" 5899.58 ., SO.* 29.75; 4§
KA WWER , EHR AR 105 nm, L5041 KT 58
MR AT IR A ]

MesoMR23-60H 7 R ~f A% il He ik sS40 4%
FLPRAIR 23 MHz, BERTR S 0.3 T, Fei/F 9k AE i B
TR 25 mm , FEPRIRBE A 32 °C , A T A #8 B 1y
A BRA F] 5 3K S 00 e AL S HX- TR 25 s
TR A D JEFEaS P EE R ) A5 s A ]
BT

F1 EOERYE

b HR/ K/ FLBE/ KIMBE=R/
s cm cm % (107 pm?*)
50-1# 2.52 5.98 16.02 57
50-2# 2.53 5.99 16.42 47
50-3# 2.52 5.96 15.66 50
50-4# 2.52 5.96 15.66 52
50-5# 2.23 5.99 15.70 53
50-6# 2.52 5.96 15.22 52

1.2 KEHE

il 50-1#, 50-2#F11 50-3#5K 13 72 o EA 742
HEHRM, 250 50-4# . 50-54F1 50-6#3E 1T 5 B BK S
S, SRR, K BIAE T AN FH E K, HLAR S
B2,

R2 LBHE

N R
il IR (ORI Uit mg
I (mL-min™")  %0% ORI MOERIR R4 KIR

50-1# 0.2 5 96.94
s 02 5 969388 96939 969388
50-3# 0.2 5 9693.88

50-4# 0.5 1 ;

50-5# 02 | 1 969388 9693.88 9693.88
50-6# 0.1 1
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A R, 57 B - RS PR SR L BEK A P SRR SV IR 41

— UK IR CFE R A K BCH 2K B2 5
TR IR N 98% 5 HEAT GIK R A W TR IK (1 3 1 A
FKFLH PR R A BRI ) B E &K A5
98% 3 Ji £ /K R (IH A A F /K FC I 27K BLE &
IKERIRF] 98% ; UKL AR 7 — L6715 g HEA TAZ R T
T BRI, T AR ST, TSP 7K

2 EHR5{HE

2.1 MAREUREKSERTUEKESRHBR
2.1.1 ER#ERik 63

it FHASE A b 23 7K T 1) 5T 12 23 0k 1% R 9K 3R
BRI, I 5 AN ) DR R o R Ik i B
ORI , S48 S L3R 3, 50-6#—50-4#4 IR F
AR &K CRIBCRRE T AR AR
EILIE 1,

R3  GKBEAVHEKIKE KR

Hl WERTR SRR RULH% BRER
B PH0%  (mLemin') _yeor peka gk KOR/%

50-1# 5 0.2 48.95 69.58 7338 2443
50-2# 5 0.2 49.13 66.90 71.78  22.65
50-3# 5 0.2 47.20 59.79 65.03 17.83
50-4# 1 0.5 52.82 58.10 63.38  10.56
50-5# 1 0.2 49.12 52.63 56.14  7.02
50-6# 1 0.1 39.01 42.55 47.87  8.86

FH 2 3 AT, A PR M2 /K B i (R AR VA, B
UK TR BN, SR IR B B B e 2R MR i
FH & 1 (a) AT AT, 3K %547 0.1 mL/min A, — IR 7K
IR R E T F1 oM 0.30 MPa, 55 7K R PR B8 i, 7K &5
S, RICR K 39.01%; TEA YK R S WIHERE
T 3 A S hin 9% 5 £ 0.50 MPa, J 227K 3k 78 s
7174 0.32 MPa, e 2RI R 47.87% ; IR I A
FNEHEVER , RENSIUA) i A2 O FLIE

2 0K 3 % 430 48 2254 0.2 mL/min #10.5 mL/
min i}, — WK RS E 774351 4 0.50 MPa F1 1.20
MPa; 9K G W iR 9K B B R 43531 38 Jin 25 0.80
MPa Fll 1.50 MPa; 5 2L K 3K 2 22 & 7143 %1 4 0.54
MPa Fl 1.32 MPa; RULZ 514 55 7.02%F1 10.56%,
B RMWCRAY H1H 56.14%F1 63.38%., HKAE i #4p
5114 0.1.0.2.,0.5 mL/min I}, 44 K 58 & W) 0k 3K 5
HIE RN 6.3% . 7.4% 1 9.1% , B 43 8k

100 15
sotf y 112
© we il BOREE L JRZUKIK
55 6OF K 109 g
=8 =
BK 4T : B
1 ]f
0 3 6 9 12 15 18
HEAR/PV
(a)50-6#,0.1 mL/min
100 , —— L5
’0H i i 41.2
—YOKHE ek | RgukeR |
S 60 ! i 109 &
B B =
X% R
% 40f 0.6 1+
20 240.3
0 T - ke Iy
0 4 8 12 16 20 24
HEAR/PV
(b)50-5#,0.2 mL/min
80¢ ' {12
— PR PRI I 57k K
S 60 ' 109 &
R 40 . | s 2
200 ! ; I
i R F0.3
0 | I | | |+r17k$0
0 5 10 15 20 25 30 35

HEAR/PV
(¢)50-4#,0.5 mL/min
F 1 ASEERERECR T AR S KR SRR B
AT AL

1% 40K R G WD TEBRTE 3 P ok 8% Bl 2R 5510 T i
WERRCR AL . alReE R ik H A0 rE
5 R A R T ORI AR B /N, TR BB A8 ) 3 o
FLIG , ToIkA R LI
212 REMWIRRE

DL SRS 38 % 0.2 mL/min 7 A FH 403 )2 /K
il ) 0T 53 IR 5% AN K R G W ik, SR i
W1 50-3#7 0 TR A T K3 CRIBCR B AR
TR AR WL 2 —ROKBRES 2 14 0.71 MPa,
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YRR AW ERIK B B K 738 i 22 1.80 MPa, Ji5 %
KR IE SR 27 1.40 MPa., 55 & 0800 1%09 44
KRG W HERIR TN SO0 25 RAR L, 1 AR T i 2
I, B3N 49.3% , 3R BT i 50 BOR 5% MK R
B RGBS EEE R . B EE TR gk
REWHERS KRR M EFEE5TY R RS
VSRR, T B35 FLME o 55 SR SR SRR AH L, A
KRG W R T B B B AR AR B 2 3K
YK R AW TR O % 22 K SR 3 B B 5 K R 8
B F B, 1R R UK 17.83% , I K R KN
65.03%.

100 25
80} 2.0
S 6ol 15 &
=% ! R
BT 40} i ! 1o ¥
1
|l —e— Rk
201 i —=—JEh 405
) ) W A kR
0 UOKER  WppaR®  JES0KEK

0 2 4 6 8 0 12
HEAH/PV
K2 50-3#A 0 EATE S EK CSRCR T
TR S Ak (oK B 4350k 5% )

213 RAEMBHRIERT L

YK REYHER G LK E A ISR, R
FHRIE 7 AT 202, 5014, 50-2# . 50-3# 4+ L 43 5
AT EE 73514 96.94.969.39 .9693.88 mg/L (1)
K 1 B B A3 BOR 5% 9N K R A W IR T
50-2# . 50-1#A 0 FE AR 1 7K CRIBCRBEE A
PRFR AR AL L 3. fi 3 (a) AT, 50-2#4 0 A
M A TR K (AR R 969.38 mg/L) e il 1Y i 2
ITECR 5% AR R G D WOR W, — UOK SR FR 8
JE 7124 0.72 MPa, 40K R & W iR WK 2 & 1 8
2.11 MPa, J5E/K 3K & I8 7E 2.04 MPa, 51 Al
JZK (1L 9693.88 mg/L ) Eie il A 5B A W iR AH L
(50-3#, [81 2) , 9K J5 W R 9KFN I 22 /K SR B B
JET WL S EG I, EEE RGN R 64.7% . KRG
TRERTEARA AL K v & A KA K, (R O, o
AR T E ORI SRR R Ak,
R fL K 23 5 | 5O T OB & AR 2 B8 I 35 6 FL
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W W R R VE A B T A ) BHEAE T . L
FE 3 (a) AT AT, — K BRR ISR R 49.13% , /K
TR 9K A W BRI B B AR R R
17.77%; J B2k 3K B B i R U3 4.88% 5 S 2RI
R T1.78% , KRR ) 22.65%

50-1#77 0 1A AR AL 7K (1 2 96.94
mg/L) e il (4 24 2K 5 A W 1ok v W (I 1 4 B0k
5%) , FH & 3 (b) A 1, 50- 14008 Fe v i A
1K RIS 35 502440 DAL, — IR
JKBRFE A2 FE 7 4 0.78 MPa, IR IK B B Sy 39 i &
2.50 MPa, J5 8L /K BRESAE i 1 ok 2.43 MPa, 358
67.9%, RIBEH™ 1k P REAR , sk B 38 VR AR 50m
3 —ROKIRRIHR N 48.95% , Ak R A Wik
IR SRR 20.63% , J SR 7K IR i SR YR 4.2%
AR 73.78% ., WK BA VIR 585 1k
JEE 7K Wb I 348 5 O T 80 R 3 Bl S TR A B T R
I, AR I, RISCRE &

100 25
80 2.0
2R -
2 O00F )
At 1.5 E
=% =
BRT 4oL 10 =
—e— Rl
20+ —=— 577 05
) 1 v & 8
0 —YOKEK ' RYUKIK
0 2 4 6 8 10 12
HEARE/PV
(a)50-2#,969.38 mg/L
100 2.5
80 2.0
XX <
oo 60 15 &
36 =
= =
BRI 40 10 2
20 0.5
? KR
O . 1 1
0 2 4 6 8 10 12
HEAE/PV

(b)50-1#,96.94 mg/L
El3  50-2#.50-1#F D EATE S Bk,
RCR Bt AR ARG AE AL
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RV R B Bt - ORI S W R SR L BEK S PSR SV IR 43

22 AEIRE M EAZEL Lo
22.1 Bk TR oR A

T i 26 B WO v AR 9 AR 4, 250 BRI 52
AW B R Tk 2 WK 4. H ORI iR
T FIARES T Toi ih 4 AE s 78 B E] 0.1~600 ms
H oA, 2 EAR ] S5 ET [E] 20~600 ms, B EL
FE AR TEFT R A FLB . — KR, A 2
PV I, T3 i S W {8 M A0 Pl T AR ) % A6 B el R R
HA S PVES, Likh&IE SR F A EH B2, %
KR EWRER, FEA2 PV I, Ttk ph 2k ol 3 o)
] 20~600 ms 915 & B T FEAI%, 5 50-3#55 0 (JiL
WA 27K ) M EE , 50-1#575 0 (BCIR KA
TRA AR EE K ) 1 T35 ih B2 e {8 M A T AR B3 B
3, UL B Tk B AR 48 oK A W ek B A K

1200

g

1000L —e-—KIKIK2 PV
-4 —KIKHK S PV
so0L % THERYK 2 PV

2 T e JRgkiRs PV
= 600
o
L 400
200}
(a)50-1#,96.94 mg/L :
10® 10" 1010
SRR ] /ms
1200
—=— (AN

1000} —e= —IXK/KIK2 PV
= —KIKBK 5 PV
gool ~* BERIK2 PV
5 -0 J54/KBK S PV

5
1z 6001

p
4z 400}

200t

(b)50-2#,969.39 mg/L

10° 10" 100 100 100 10’
il P ST ] /ms
1200

=Nl

1000} —*=—UKUK2 PV
&~ KEK 5 PV
800 Y ERIK 2 PV

27 = JREoKIKS PV
12 600L
o
L& 400}
2000
(¢)50-3#,9693.88 mg/L
0 v 8. el &
10° 10" 100 10 100 10°

A T/ms
P14 R L ORI O ARG T35

A AT IR O B BRI . R S KRR Ta i
13 Pl T AR SRR A, TP 50- 145 0 5 Sk K Y T
T LRI AS A 0 AR Ak Ul SR R R
FRAIE , Tk B B8 PSR AT, 32 8 I S /K 3R i I

X 50- 170 K SRR ZR A W) ek 9K 2o A v 5 A4~
W TR R G5 R LR 5. F IS AT A EDE
B BEA O PR A A TS L. — KK S
PV 255, O A TE R B A i, S o A 7E
OB (o) T3 AR R A W ER VAT, 7 il
A RN B S(d) ], DA SR o B K B
T, AR T AR BN 5 ], A RUR 81— OK BR
1) A U S DX P 8 i, B v T OROR, HLAR T
L EE /K BB 4 2 BRI AR, TR fh B2 /K S5 4ok
Tk A BR B B i R SRR s SR B K Bk i — 25
a0 R A SR

(e)JFZ7KUK S PV

El5  50-1#A 0K FE TP A e LR R11%

222 RERTILR PR E3)AALE

B T it 22 1 5t B B [a) 45 R LB A2 RN
&5 &, v LIS 2IAS R B BeFL B b7
AR R 6. I 6 nl AT, A O A
T TE 0.002~12 pm FLBR 1 ; — K 5K 5 PV
J&i,0.02~12 pm FLBE A B 5 v i 3 R AR TR R 4K
BEWHERIKET B, 0.02~ 12 pm FLEE o & it gk —
TR UL RERS A R A S . ST ARLE
TR 1 R 4 K SR P AR Vs W) 50-3#5 O A LE
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25
‘ 2)50-1#,96.94 mg/L
(R €

20T o H—YOKIK S PV
1.5F WEERIK2 PV
O JF4/K8R S PV
1.0
0.5F I
oLm -

0.002~0.02 0.02~0.2 0.2~2 2~12

il /mL

FLER A2 /um
25
R (b)50-2#,969.39 mg/L

2.0 1 m H—UOKIK S PV
O m fERYK 2 PV
£ L5 OJFEKkEKs PV
iz
=
&

0.002~0.02 0.02~0.2 02~2 2~12
LB A% /um

2.5

m (A (c)50-3#,9693.88 mg/L

20 m H—KIKLKS PV
m fYERLK2 PV
1.5 | O Ja8KUK s PV

1.0

0.5} I
0 | S

0.002~0.02 0.02~0.2 0.2~2 2~12
FLE AR /um

6 AR B BEALBR i 5 i

R A EE K 5 GOK RS PRI 5 3K 50-1#45 0
H10.02~0.2 pm 1 0.2~2 pum FLERE o 54 0 B R
K, ULEH A2 & SR BB AT U 3l /LB e kil

SR AN [R1 ™k B2 7K e i) 1) 2R 65 0 Tl sk 3K 2
BORTLER R il i 5 R A W kIR B B Sk
W (BTRkR) DL 7. IR 7 AT AL, R A
BRIKB Bk il i 20k 3 2~12 pm LB, 34,5
75%. Bl A RA W RORE W0 46 B R,
0.2~2 pm FLER A SRR H B ST X B B A i i
FITTIRIE N, F 15%38 3 23%., B0 TR R, 44
KA WITHERRENS 0T Iy M b 3 /K B A8, 38 A
T A B o (AR 1 BE 7K I 1) v INFLBR A AR
Je Bl INL B R

Erilit/mL
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100

9693.88 mg/L
80l ™969.39 mg/L
W 96.94 mg/L

kA%

40t

==
1

20

0.002~0.02 0.02~0.2 0.2~2 2~12
FLBR AR/ um
El7 AT MOERIKB BeALBR R il s B o LU

3 45

PR RE YRS RT L KE A KRR
PR SCECR , AR R M R — R A
BROKI , 2 2 R WCE B 17.8%34 1 % 24.4% , J5 47K
OXRESE T AR ST 1 1.40 MPa T % 2.43 MPa, 1%
% 49 3% 67.9%.

B8N A AR VA VA R R B A A A
JiE , 344 5 2 ORR (0 BB AR AR . TN
JE PR TER KA A BRI R AR TR A T S5
H E R MERTEARE LK b & AR K, BARA 1k
JE K BEASHE = KT AOR . ARG LR T3 i 2 Sk
BA LT oK IR B B il i 220k H 2~12 pm
FLERH, BT A9 K R A PR RE IS R B 3% /K
B , AR AR A s T, B SRR
R A Ak 82 7K i 3 ) A D8 B DX 3511 360 i 5 [ st o
HE L EEREAC, 0.2~2 pm FLER A 3 3 1 AL R
T, B GAER Y B BV TSR S 5 38 AT TR K
T/ NELBR, 5 SR AT . AR RSPtk 51K
W%meﬂim%ﬂfﬁﬁﬁ@ﬁ%%%W$
5 T HAT — 2 1 T

SE
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Investigation on the Profile Control and Oil Displacement of Combining Nano-polymer Microspheres and

Low Salinity Water Flooding
YUAN Weifeng', YANG Yulong', HOU Jirui', CHEN Tingting’
(1. Unconventional Petroleum Research Institute, China University of Petroleum (Beijing) , Beijing 102249, P R of China; 2. School of Oil & Natural

Gas Engineering , Chongqing University of Science & Technology, Chongqing 401331, P R of China)

Abstract: Water injection development in low permeability reservoir generally results in serious channeling of injected water and a
large amount of remaining oil. Polymer microspheres and low salinity water are proven effective approaches for profile control and
oil displacement in hydrocarbon reservoirs. The former focuses on profile control while the latter favors oil displacement, and thus
their combination is expected to achieve the dual effect of profile control and oil displacement. This paper evaluated the effects of
simultaneously injecting nano-polymer microspheres and low salinity water via core floods. Nuclear magnetic resonance 7>
spectrum and imaging test were used to reveal the extent of residual oil in pores of various sizes during core flooding as well as the
mechanism of oil displacement. The results showed that the microspheres could eliminate water channeling and change flow
direction, forcing the low salinity water to enter smaller pores and improving the sweep and oil displacement efficiency. The lower
the salinity, the higher the produced oil from small and medium-sized pores. Increasing the concentration of microspheres and
decreasing the salinity of injected fluid could enhance the plugging effect of microspheres, resulting in enhanced injection pressure
and oil recovery. This study confirmed the potential of synergistic flooding with low salinity water and nano-polymer microspheres
in improving oil recovery in low permeability reservoirs.

Keywords: low permeability reservoirs; nano-polymer microspheres; low salinity water; profile control and oil displacement; nuclear

magnetic resonance
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